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要約 (Abstract) 
The effects of various physical parameters, especially pH, on the rate of drug release from water-in-oil 
emulsions were evaluated using methylene blue as a model drug. The water-in-oil emulsions were prepared 
using an aqueous solution of methylene blue, squalene, and a non-ionic-lipophilic surfactant. Methylene blue 
is released from the water-in-oil emulsion through a reverse micelle mechanism. Methylene blue moves from 
the internal phase to a soluble reverse micelle of the surfactant, diffuses through the oil phase within this 
reverse micelle, and is transferred to the receptor solution. The rate of methylene blue transportation from the 
aqueous phase to the oil phase was strongly dependent on pH. Also the T2 relaxation time of water molecules 
in water-in-oil emulsions was dependent on pH. These results suggested that water-in-oil emulsions that 
showed high water mobility also released drug more rapidly. I found that the rate of drug release from a 
water-in-oil emulsion comprising squalene and a non-ionic surfactant could be controlled by pH 
optimization. 
The rate of methylene blue release from water-in-oil emulsions was accelerated by ultrasound irradiation. 
The effect of ultrasound became strongly when the energy emitted per unit area increased. The 
lower-frequency ultrasound more enhanced the release rate. I found that the capability of ultrasound 






























W/O エマルションからの薬物放出に寄与する薬物分子運動として，(a) 液滴の油相中拡散，(b) 分
子の液滴内拡散，(c) 分子の油相内拡散，(d) 分子の液滴―油相間移行が挙げられる．これらの運動
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影響を確認したが，皮下や筋肉内投与注射剤として一般的な浸透圧 290 mOsm (生理食塩水比で 1) 







pH 6-10 の範囲において，水相 pH が高い程 W/O エマルションからのメチレンブルー放出速度が速
くなった (Fig. 4)．また，水相 pH が高い程，メチレンブルーが水相から油相への移行速度が速く (Fig. 
2)，W/Oエマルション中の T2緩和時間が長く (水分子運動性も高く) なる傾向が認められた (Fig. 5)．
水分子運動性の変化は，逆ミセルサイズの変化を表していると推測され，それはすなわち逆ミセル
内部の water pool に存在する水分子数の変化を示す．この考察に基づくと，高 pH の方が逆ミセル
内部の水分子数が多く，その内部にメチレンブルーをより多量に可溶化できると考えられる．逆ミ
セル内へのメチレンブルー移行が増加することにより，結果としてレセプター液への薬物移行が促
進される．一方 pH 4-6 の範囲においても，水相 pH が高い程 W/O エマルションからのメチレンブ
ルー放出速度が速くなった (Fig. 4)．しかしながら，水相 pH が高い程，メチレンブルーが水相から
油相への移行速度が遅く (Fig. 2)，W/O エマルション中の水分子運動性も低くなる傾向が認められ
た (Fig. 5)．スクワレンや非イオン性界面活性剤は pH の影響を受けないが，MB の pKa が約 3.7 で
あることから，pH 4 では pH 6 以上と比較して LogD 値が低くなる．すなわち，pH 4 の緩衝液中で
は MB の親水性が pH 6 以上の緩衝液中よりも高くなる．親水性が高い分子は水分子が多量に存在
する液滴内に留まりやすく，逆ミセル中に移行しにくくなったと示唆される．よって，pH 4 では




を深く考察した．内水相 pH が W/O エマルションからの薬物放出に大きく依存していることを発見
し，内封薬物に応じた内水相 pH デザインにより，放出速度制御の可能性が示された． 
W/O エマルションに超音波を照射することで，薬物放出が促進されることが確認された．超音波
が高強度であるほど，その促進効果が強くなる傾向であった (Fig. 6)．また，Fig. 7 に示す超音波周
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Fig. 5  T1 and T2 relaxation times of w/o emulsions with various pH buffers as the internal phase. 
(a) and (b) show the relaxation times of squalene and water, respectively. CB4, citrate buffer at pH 4; CB6, 
citrate buffer at pH 6; PB6, phosphate buffer at pH 6; PB8, phosphate buffer at pH 8; GB10, glycine and 





Fig. 6  Amount of MB released from the w/o emulsions during ultrasound irradiation at various 
intensity. 
The frequencies and intensities of irradiated ultrasound were 100 kHz and 0.80 W/cm2 (○), 100 kHz and 
0.44 W/cm2 (ᇞ), and without irradiation (□), respectively. The internal phase and continuous phase of the 
emulsion were D-PBS (−) at pH 7.4 and squalene with 10 wt% Span 83. The receptor solution was D-PBS 
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Fig. 7  Amount of MB released from the w/o emulsions during ultrasound irradiation 
at various frequency. 
The frequencies and intensities of irradiated ultrasound were 100 kHz and 0.44 W/cm2 (○), 
28 kHz and 0.25 W/cm2 (ᇞ), without irradiation (□), respectively. The internal phase and 
continuous phase of the emulsion were D-PBS (−) at pH 7.4 and squalene with 10 wt% Span 83. 
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